A sensitive, selective and rapid method has been developed for the determination of mercury based on the rapid reaction of mercury(II) with p-sulfobenzylidenethiorhodanine (SBDTR) and the solid phase extraction of the colored chelate with C 18 disks. In the presence of pH 3.5 sodium acetate-acetic acid buffer solution and Emulsifier-OP medium, SBDTR reacts with mercury(II) to form a red chelate of a molar ratio 1 : 2 (mercury to SBDTR). This chelate was prconcentrated by solid phase extraction with C 18 disks. An enrichment factor of 50 was achieved. The molar absorptivity of the chelate is 1.28 × 10 5 L·mol −1 ·cm −1 at 545 nm in measured solution. Beer's law is obeyed in the range of 0.01-3 µg/mL. The relative standard deviation for eleven replicates sample of 0.01 µg/mL is 1.65%. This method was applied to the determination of mercury in tobacco and tobacco additive with good results.
Introduction
Mercury is a toxic heavy metal ion. The Quality Standards of Tobacco and Tobacco Additives in Chinese states that the concentration of mercury should not be exceed 0.2 µg/g in tobacco and tobacco additives. 1 Many sensitive instruments (such as spectrofluorimetry, X-ray fluorescence spectrometry, neutron activation analysis, atomic absorption spectrometry, chemiluminescence, electrochemical analysis, and the like) have widely been applied to the determination of mercury. [2] [3] [4] [5] [6] [7] [8] Especially spectrophotometric methods have gained popularity for mercury determination as advantageous in respect of simplicity and low operating costs. For this reasons, a wide variety of spectrophotometric methods for the determination of mercury have been reported. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Each chromogenic system has its advantages and disadvantages with respect to sensitivity, selectivity and rapidity.
However, the routine spectrophotometric methods are often not sensitive enough to determine low concentrations of mercury ion in tobacco and tobacco additives directly, when the mercury ion may be only µg/L level. Consequently, a preconcentration step is usually required. Solid phase extraction is an attractive technique because it presents notable advantages. [22] [23] [24] [25] [26] [27] In this work, a new chromogenic reagent p-sulfobenzylidenethiorhodanine (SBDTR) was synthesized. The color reaction of SBDTR with mercury and the solid phase extraction of the colored chelate with C 18 disks were thoroughly studied. Based on this, a highly sensitive, selective and rapid method for the determination of mercury in tobacco and tobacco additives was developed.
Experimental Section
Apparatus. A UV-2401 spectrophotometer (Shimidzu, Japanese), equipped with a 1 cm microcells (0.5 mL) was used for all absorbance measurements. The pH measurements were measured with a Beckman Φ-200 pH meter. The solid phase extraction was performed on a Waters Solid Phase Extraction (SPE) Device (The device can prepare twenty samples simultaneously). Zorbax C 18 membrane disks [47 mm (diameter) × 0.5 mm (thickness), 8 µm, 50 mg] (Agilent Technologies, USA) were used.
Chemicals. The SBDTR was synthesized according to the following procedure: 40 mL of acetic, 1.5 g of thiorhodanine acid and 1.2 g of p-sulfobenzaldehyde were added into a round bottom flask. The mixture was heated gently to dissolve thiorhodanine and p-sulfobenzaldehyde completely, and the solution was refluxed for about 1.5 h. In the course of refluxing, 1.0 mL of concentrated sulfuric acid was added * To whom correspondence should be addressed. e-mail: huqiufena @163.com Emulsifier-OP solution were added. The mixture was diluted to volume of 50 mL and mixed well. After 10 min, the solution was passed through the C 18 disks at a flow rate of 50 mL/min. the colored chelate would be retained on the disks. After the enrichment finished, the retained chelate was eluted from the disks with 1.0 mL of DMF at a flow rate of 5 mL/min in reverse direction. The absorbance of this solution was measured at 545 nm in a 1 cm microcells (0.5 mL)
against a reagent blank prepared in a similar way without mercury.
Results and Discussion
Absorption spectra. The absorption spectra of SBDTR and its Hg(II) chelate are shown in Figure 3 . The absorption peaks of SBDTR and its complex in DMF medium are located at 420 nm and 545 nm.
Effect of acidity. The results showed that the optimal pH for the reaction of Hg(II) with SBDTR is 1.2-4.2. A sodium acetate-acetic acid buffer solution of pH 3.5 was recommended to control pH. As the use of 4-6 mL of the buffer solution (pH 3.5) per 50 mL of final solution was found to give a maximum and constant absorbance. The use of 5 mL buffer solution was recommended. The buffer solution containing a 0.15-0.25 mol/L of pyrophosphoric acid could greatly increase the selectivity of this system and do not affect the sensitivity. (Without pyrophosphoric in the buffer solution, the tolerance limits of foreign ions were 0.005 mg for Cu(II), Ag(I); 0.002 mg for Pd(II), Pb(II). However, the tolerance limits of foreign ions reaches 0.5 mg for Cu(II); 0.2 mg For Pb(II); 0.1 mg for Pd(II), Ag(I) when pyrophosphoric was present in the buffer solution). Therefore, 0.2 mol/L pyrophosphoric in the buffer was recommended.
Effect of surfactants. The effects of surfactants on Hg(II)-SBDTR system were studied (Table 1 ). In the absence of surfactants, as well as anionic surfactants or cationic surfactants medium, the Hg(II)-SBDTR chromogenic system gives a low absorption, whereas, in the presence of nonionic surfactants medium, the absorption of the chromogenic system increased markedly. Various nonionic surfactants enhance the absorbance in the following order: Emulsifier-OP > Tween-80 > Tween-20 > Tween-60. Accordingly, Emulsifier-OP was the best additive and the use of 0.5-3 mL of Emulsifier-OP solution gives a constant and maximum absorbance. The use of 2.0 mL was recommended. Effect of SBDTR concentration. For up to 3.0 µg of Hg(II), the use of about 3 mL of 3.0 × 10 −4 mol/L of SBDTR solution has been found to be sufficient for a complete reaction. Accordingly, 3.0 mL of SBDTR solution were added in all further measurement. Stability of the chromogenic system. After the components are mixed, the absorbance reaches its maximum within 5 min at room temperature and remains stable for at least 8 h. When extracted into the DMF medium, the chelate remain stable for at least 12 h.
Solid phase extraction. Both the enrichment and the elution were carried out on a Waters SPE device. The flow rate was set to 50 mL/min during enrichment and 5 mL/min during elution.
Some experiments were carried out in order to investigate the retention of SBDTR and its Hg(II) chelate on the disks. It was found that the SBDTR and its Hg(II) chelate could be retained on disks quantitatively when they pass the disks as aqueous solution. The capacity of the disks for SBDTR was 32 mg and for its Hg(II) chelate was 28 mg in 50 mL solution. In this experiment, the disks has adequate capacity to enrich the Hg(II)-SBDTR chelate.
In order to choose a proper eluant for the retained SBDTR and its Hg(II) chelate, we studied various organic solvents. The effect was in following order: DMF > acetonitrile > acetone > ethanol > methanol. So DMF was selected as eluant. Experiment show that it is easier to elute the retained SBDTR and its Hg(II) chelate from the disks in reverse direction than in forward direction, so it is necessary to invert the disks when eluting. 1.0 mL of DMF was sufficient to elute the SBDTR and its Hg(II) chelate from the disks at a flow rate of 5 mL/min. The volume of 1.0 mL DMF was selected.
Calibration curve and sensitivity. The calibration curve shows that beer's law is obeyed in the concentration range of 0.01-3 µg Hg(II) per ml in the measured solution. Composition of the complex. The composition of the complex was determined by continuous variation and molar ratio method. Both show that the molar ratio of Hg(II) to SBDTR is 1 : 2. The chelate probably has the structure gives in Figure 4 .
Interference. The selectivity of the proposed method was investigated by the determination 1.0 µg/50 mL of Hg(II) in the presence of various ions within a relative error of ±5% are given in Table 2 . The results show that most routine ions do not interfere with the determination. This method is high selectivity.
Application. The proposed method has been successfully applied to the determination of mercury in tobacco and tobacco additive. A 0.50 g of sample was accurately weighted into the Teflon high-pressure microwave acid-digestion bomb (Fei Yue, Analytical Instrument Factory, Shanghai, China). A 3.0 mL of concentrated nitric acid and 5.0 mL of 30% hydrogen peroxide were added. The bombs were tightly sealed and then positioned in the carousel of a microwave oven (Model WL 5001, 1000W, Fei Yue Analytical Instrument Factory, Shanghai, China). The system was operated at full power for 8.0 min. The digest was evaporated to near dryness. The residue was dissolved with 5 mL of 5% of nitric acid and transferred into a 50 mL of calibrated flask quantitatively, and then analyzed by general procedure. The recovery test of mercury by added 0.2 µg of mercury in samples was carried out. A standard method using atomic absorption spectrometry was also been used as reference method. The results are shown in Table 3 .
Conclusion
A comparison of the possibilities of the SBDTR with those of other methods (Table 4) shows that SBDTR is a sensitive and selective spectrophotometric reagent for mercury. The molar absorptivity of the chelate reaches 1.28 × 10 5 L·mol
. When masked with pyrophosphoric acid, most of the routine foreign ions do not interfere the determination. By solid phase extraction of the SBDTRHg(II) chelate with C 18 disks, the enrichment factor of 50 was achieved, and the detection limit reaches 0.02 mg/L in the original samples. The consuming of organic solvents in this method is much lower than those consumed in liquidliquid extraction method. By using Waters SPE device, twenty samples can be prepared simultaneously. This method is rapid for simultaneously preparing large amount of sample. In a word, for determination of mercury, this method is high sensitivity, selectivity and rapidity. 
